excluded. Two patients with abnormal Q waves on ECG and who did not undergo echocardiographic examination were excluded because the abnormal Q wave might have been caused by a silent prior myocardial infarction. We also excluded 3 patients with complete right bundle branch block, 1 patient with complete left bundle branch block and 6 patients with left ventricular hypertrophy with strain.
A total of 122 patients met the criteria (56 males, 66 females; mean age: 58.5±13.6 years). The patients were classified based on the in-hospital outcome into 80 survivors and 42 nonsurvivors. The duration of hospital stay until discharge in survivors or in-hospital death in nonsurvivors was 20.1±9.3 and 7.8±9.6 days, respectively. All patients had undergone a 12-lead ECG recording on arrival at hospital and ECG re-evaluations every week until the ECG returned to normal or the patient died. The neurological status was assessed on the basis of the grading system of Hunt and Kosnik for subarachnoid hemorrhage, 17 and the radiological grading of the severity of SAH on brain CT scans was performed according to the classification of Fisher et al. 18 Cerebral angiography and surgery were, if feasible, carried out during the acute phase within several days of admission: 99 patients (81.1%) underwent cerebral angiography and 97 patients (79.5%) underwent surgery to exclude the aneurysm. The remaining 25 patients (20.5%) were treated conservatively.
Electrocardiographic Assessment
The 12-lead ECG of each patient was analyzed independently by 2 cardiologists who were blinded to the patient's information. Pre-SAH ECG readings were also reviewed when available. Abnormal Q wave was considered significant when it was greater than 0.04 s in duration or more than 25% of the height of the R wave for that lead. ST segment elevation or depression greater than 0.1 mV was defined as 
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an abnormal finding. A T wave less than 0.1 mV in depth was defined as inverted and if greater than 1 mV as peaked. Q wave and T wave abnormalities were assessed in leads I, II, aVL, aVF and V2-6. When an inverted U wave was more than 0.1 mV in depth, it was also considered abnormal. The corrected QT (QTc) interval was calculated by Bazett's formula 19 from an average of 3 complexes in lead II and was considered abnormal if it was longer than 0.44 s.
Electrocardiographic Score
In nonsurvivors, there often were abnormal Q wave, ST depression and/or occasional T wave inversion in many leads, but these changes were rarely observed in survivors. We defined the ECG score as the total number of leads having any of the 3 ECG abnormalities (Fig 1) , so a single lead with all 3 abnormalities contributed to the score 3-fold.
Statistical Analysis
All continuous data are expressed as mean ± standard deviation and assessed by an unpaired Student's t test. Differences in the grading of Hunt and Kosnik, the classification of Fisher and the ECG score were tested with a Mann-Whitney U test. Univariate comparisons of categorical variables were compared with the chi-squared test. Two independent observers who were blinded to patient information tested the reproducibility of the ECG score in 30 random ECGs. The Spearman rank correlation coefficient was used to compare the trend analysis. Multiple logistic 
Results
Clinical Characteristics of the Study Population (Table 1) The survivors were younger than the nonsurvivors (54.7± 11.3 vs 65.6±15.8 years, p<0.0001), otherwise there was no significant difference in gender distribution, body mass index or mean blood pressure on arrival. The incidence of cardiovascular risk factors (cigarette smoking, hypercholesterolemia, systemic hypertension and diabetes mellitus) was similar in the 2 groups, and the location of the aneurysm on the 3-D CT scans and cerebral angiography did not significantly differ. In survivors, the grading of Hunt and Kosnik was lower than in nonsurvivors (2.4±1.1 vs 4.1±1.2, p<0.0001), but the classification of Fisher was similar.
Reproducibility of the ECG Score
There was a strong correlation in the ECG score between repeated measurements made by the same observer (r=0.99, p<0.0001, mean differences -0.040±0.45), and between measurements made by the different observers (r=0.99, p<0.0001, mean differences 0.020±0.43).
ECG Findings (Table 2)
The QTc interval was greater in nonsurvivors than in survivors (536.0±50.0 vs 462.0±59.0, p<0.0001) and an abnormal Q wave, ST depression and T wave inversion were more frequently present in nonsurvivors. The abnormal Q wave was mainly recorded in leads II, aVF and/or V2-4 (83.3% in nonsurvivors and 50.0% in survivors) and ST depression and T wave inversion were frequently observed in I, aVL and/or V5 or V6 (ST depression: 88.2% in nonsurvivors and 61.1% in survivors; T wave inversion: 72.7% in nonsurvivors and 60.0% in survivors). There were no significant differences in heart rate, S in V1 + R in V5, or in the frequency of ST elevation, peaked T wave, and inverted U wave between the 2 groups. The ECG score was greater in nonsurvivors than in survivors (5.6±3.5 vs 1.2±2.0, p<0.0001) (Fig 2) .
The ECG abnormalities on arrival at hospital were observed in 97.6% of nonsurvivors and 67.5% of survivors and in all survivors except 2, the ECG normalized after 14.1±13.7 days; the ECG of one of the 2 patients showed ST depression and the other revealed QTc prolongation at discharge. In the 41 nonsurvivors with ECG abnormalities on arrival at hospital, 17 patients underwent ECG re-evaluation and 24 died before re-evaluation. Among the 17 nonsurvivors who had an ECG re-evaluation, 7 showed normalization of the ECG after 11.1±14.8 days.
Predictors of In-Hospital Death
Univariate analysis revealed a strong association of inhospital death with the ECG score, the grading of Hunt and Kosnik, age, and QTc interval (Tables 1, 2) ; for all possible cut-off points there were optimal dichotomies of 6 for the ECG score, 4 for the grading of Hunt and Kosnik, and 460 for QTc interval. For these cut-off points, the sensitivity and specificity for the prognosis in patients with SAH were, respectively, 88.5% and 80.2% for the ECG score, 68.6% and 90.0% for the grading of Hunt and Kosnik, and 50.6% and 95.2% for the QTc interval. In age-and sexadjusted multiple logistic regression analysis, the ECG score and the grading of Hunt and Kosnik remained independent predictors of in-hospital death (Table 3) . When compared using the Wald chi-squared test, the ECG score was the most powerful multivariate risk stratifier (ECG score ≥6 vs ECG score <6; p=0.0026, OR 14.39, 95% CI 2.54-81.71).
Discussion
The relation between ECG abnormalities and prognosis has been extensively studied in patients with SAH, with varying results. A poor prognosis was suggested by pathological Q waves or ST elevation in a study of 40 patients 15 and by horizontal or down-sloping ST segment depression and upward convexity of ST segment elevation in another study of 61 patients. 16 On the other hand, a retrospective study of 439 patients found that the presence of ECG abnormalities was not predictive of mortality. 8 Thus, simple classification based on the presence or absence of abnormal ECG findings may not be useful.
It has also been reported that various combinations of ECG abnormalities are useful in predicting poor prognosis. In a study of 100 patients with SAH, Maiuri et al reported that coexistence of depressed ST segment, prolonged QT interval, and pathological Q waves indicated a poor prog- nosis, 11 and Cruickshank et al 15 also found that the combination of pathological Q wave and ST segment elevation was an ominous sign. However, the incidence of pathological Q waves or ST elevation is relatively low in patients with SAH, which results in a low sensitivity of the prognostic value of ECG. Therefore, we considered not only combinations of ECG abnormalities, but the total number of leads with any of the respective ECG abnormalities. The ECG score, based on our original method, is simple, easily determined with a high reproducibility and has proved to be a good post-SAH risk predictor. The link between a high ECG score and mortality is not clear. The association of ECG changes with SAH has been attributed to the adverse effects of elevated concentrations of catecholamines [20] [21] [22] [23] [24] [25] [26] [27] [28] because the hemorrhage commonly involves the basilar cisterns, which are in close proximity to the hypothalamus, leading to excessive secretion of catecholamines. 20, 21 At the cellular level, this causes hypermetabolism and electrolyte disturbances in the mitochondria and the subsequent ECG changes are the electrical expression of the intracellular/extracellular ion-balance modifications. 22 Furthermore, increased catecholamine release may lead to myocardial damage by direct toxicity. 23, 24 NeilDwyer et al 29 investigated the relationship between plasma catecholamine concentrations and ECG abnormalities after SAH, and reported that catecholamines were above the normal range in patients with abnormal ECG findings. We did not investigate the role of catecholamines and their relation to the ECG abnormalities remains to be elucidated.
Study Limitations
The present data are retrospective and there may be a selection bias: patients with a history of cardiovascular disease were excluded; the mortality was high because Shimizu hospital is a specialist institute or for cerebrovascular patients in poor condition; some patients may have died before reaching hospital.
Conclusions
In the present study of patients with SAH, the ECG score, based on a new and simple method of semi-quantification, was highly reproducible and predictive of risk.
